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Abstract

The following paper discussed the performance of previously developed SAR
algorithms applied to Sentinel-1 imagery. The outputs of algorithms were
correlated to top-performing Sentinel-2 reNDVI algorithms. The study found
that Levelled and Normalized Sigma nought outperformed the Gamma Nought,
and, especially, Sigma Nought, and RVI algorithms.

1. Introduction

Synthetic Aperture Radar (SAR) technology is used in many military [1] and
civil applications [2]. Earth observation satellites equipped with a C-band
(around 5.6 cm wavelength) are efficiently used for a variety of subjects such as
soil moisture estimation [3,4] and a plethora of subjects related to forest and
agricultural monitoring [5—7] among many others. Nevertheless, it’s usage is
hampered by the negative effect caused by variation of incidence angles present
at different times of observations [8—11]. The goal of the present article is to
perform the comparison of the effectiveness of various previously developed
SAR image processing algorithms, which take incidence angle into account by
the comparison with other SAR image processing algorithms. The article
requires that the reader has a basic understanding of SAR technology and the
complications caused by different incidence angles. The further references
provide a thorough information on the SAR [12—-14] and the incidence angle
issue [11,15,16].

2. Materials and methods
2.1. Study site.
Sentinel-1 and Sentinel-2 imagery acquired over a large filed (Fig. 1) in a
northern part of Israel was used in the study. The area of a study polygon
is around 82000 square meters, covered by around 1000 pixels in the
aforementioned imagery. The polygon was intentionally chosen in the
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middle part of the field where vegetation was
developed the most. It was done in order to
avoid border effects and to develop the
strongest models, which would overcome the
well-known limitation of optical imager,
namely saturation at the certain levels of
vegetation development [17].

Fig. 1. Study site.

2.2. Satellite imagery used in the study.
Sentinel-1 and Sentienl-2 imagery acquired between 30 May and 29 July
2023 (Fig .2).
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Fig. 2. Satellite imagery used in the study.

2.3. SAR image pre-processing

Sentinel-1 SAR imagery was downloaded from Alaska Satellite Facility
(https://asf.alaska.edu/datasets/daac/sentinel-1/).

Sentinel-1 SAR imagery was processed using ESA SNAP 9.0 in a
standard way as follows [18]: subsetting a region around the target area,
applying the latest orbit file to correct for the satellite path, thermal noise
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removal, calibration to ¢° and y° and in a natural scale, range Doppler
terrain correction using the SRTM 1Sec DEM. In line with the previous
studies, it is important to note that all available imagery were acquired at
all available incidence angles (in the range of 31-43 degrees) on both
ascending and descending orbits [19].

2.4. Optical image processing.

Sentinel-2 in Level-2 processing level was downloaded from Sentinel
Hub (https://apps.sentinel-hub.com/eo-browser).

Sentinel-2 imagery was processed as follows

reNDVI = (B8A — B6)/(B8A + B6),

where B8A is a Narrow NIR band (central wavelength around 865 nm)
and B6 is a Red Edge 2 band (central wavelength around 740 nm).
reNDVI was chosen over traditionally used vegetation indices such as
NDVI because of significantly better performance of reNDVI in
vegetation monitoring [20]. It 1s also known that best-performing
vegetation indices are more accurate than ESA SNAP LAI biophysical
processor [21].

2.5. Model development.
Several types of SAR image processing algorithms were performed and
correlated with reNDVI Sentinel-2 acquired in the same date or to
reNDVI values interpolated between closest date of Sentinel-2 data
acquisition. The performance of the SAR image processing algorithms
were measured using correlation coefficient (r) and RMSE.
The following SAR image processing algorithms were studied:
1) Sentinel-1 adaptation of Radar Vegetation Index (RVI) [22]

RVI = %
oY + 0y
2) GOVH'GOVV;
3) Normalized ¢°, which is calculated as follows [15]:

UUNorm,VH - UONorm.VV , where

0 0
ONorm 07#0 (where o° calculated separately in VV and

VH polarization and 0 is the local incidence angle)
4) Levelled 6° calculated as follows [23]:
L=H/ sin (radians(90-0)) [24],
where L is the slant radar pulse traveling distance
on its way through the atmosphere, H is the atmosphere
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thickness in km (typically 20 km), 0 is the incidence
angle from the ellipsoid.
The levelling algorithm equation for VH and VV polarization:
o) = (c°L?) /100,
Finally, the following equation was calculated:

O)VH - O\ vV
0 0
5) Y vH -7 vV

v°[25] is equivalent to a product that can be downloaded from
the Sentinel Hub.
It should be noted that in algorithms 2-4 values of VV
polarization were subtracted from VH values because it was
found to be the best-performing algorithm by the comparison to
other band math operations with polarization values.

All the models are the second order polynomials.

3. Results and Discussion

The following results were achieved in the study (Table 1). RVI and
Sigma showed the highest RMSE and lowest r values. Gamma showed a
notably better performance. The Levelled Sigma algorithm showed the
best performance closely followed by Normalized Sigma.

Table 1. The performance of RVI, Sigma, Normalized Sigma and Levelled Sigma
SAR algorithms cross-corelated to Sentinel-2 reNDVI. RMSE % calculated by the
comparison to the best-performing Levelled Sigma SAR algorithm.

Algorithm r RMSE RMSE %

RVI 0.6077 | 0.0067 121.2330
Sigma 0.5641 | 0.0070 126.0433
Gamma 0.7199 | 0.0059 105.9612
Normalized Sigma 0.7428 | 0.0058 103.8107
Levelled Sigma 0.7557 | 0.0056 100.0000

Fig. 2. Shows the cross-correlation equations between considered SAR

algorithms and reNDVI.
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Fig. 2. SAR-reNDVI cross-correlation models: A) RVI; B) Sigma Nought;
C) Gamma Nought; D) Normalized Sigma Nought; E) Levelled Sigma
Nought. Models B-E based on the result of the subtraction VV-polarization
from VH polarization values.

Conclusion

The present study showed that Normalized and Levelled Sigma algorithms
preponderate the effectiveness of other SAR image processing algorithms. As
such they are recommended to use for every application of SAR imagery.
Alternatively, Gamma Nought approach might be also used for a generic usage.
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